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Abstract: Port plays an important role in provisioning commodity needs for the society in a region. Port of
Tanjung Emas Semarang (PTES) is the major port on the north coast of Java Island and serves as a port for liquid
and solid goods, passengers, and fuel. This descriptive research applied a random sampling technique whose
samples were taken from the port basin and control station. The research was carried out at ten stations at both high
and low tides during the East Asian Monsoon. This research was aimed: a) to test the correlation of physical-
chemical parameters at both high and low tide using Pearson correlation, b) to test the correlation of heavy metals
(Pb, Cd, Cu, Zn) in seawater and sediment at both high and low tide, ¢) to perform cluster analysis on the stations at
both high and low tide, d) to determine port waters Index of Pollution (IP), e) to identify factors that affect the port
water pollution using PCA (Principal Component Analysis). The findings showed that in waters, Pb was found as
the most dominant pollutant at both high and low tides (Pb>Cd>Cu>Zn). In sediment, Zn was the most dominant of
all (Zn>Cu>Pb>Cd). Iy, value indicated that the contamination level in the sediment was moderate. Heavy metals
accumulate differently at high and low tides, at low tide heavy metals accumulate on the outside toward the port,
while at high tide they accumulate at the mouth of the Kali Baru River. This is caused by differences in the flow of
tidal or ebb currents. All research stations were classified as having heavy pollution. Both control stations (Siangker
and BKT estuaries) showed differences with stations inside the port, including physico-chemical variables, namely:
a) TSS, phosphate, nitrate during high tide conditions; b) pH, DO, TDS, turbidity, TSS at low tide.

Keywords: control stations, Port of Tanjung Emas Semarang, East Asian Monsoon, seawater and sediment,
index of pollution, principal component analysis.
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1. Introduction

Commonly used as the main commaodity carriers,
commercial vessels are essential for the transportation
system around the world. Thus, industrial activities and
the population in the port area have been increasing.
These conditions lead to pollution [11]. The port of
Tanjung Emas (PTES) is on the north coast of Central
Java Province, Indonesia. The port is located in an
industrial, tourism, and trade area in Kelurahan
Tanjung Mas whose maximum capacity of land and
settlement has been exceeded. Moreover, there are also
centrally distributed slums in the port and train station
areas, which increase the burden on the environment
[4].

PTES activities include the loading and unloading
operations, and docking facilities. These docking
activities potentially contribute to polluting the
seawater. For example, painting particles on the vessel
hull, cutting porous parts, etc. Ship repair waste,
including paint residue, rust, and used oil, also
potentially results in heavy metal Pb and Zn pollution
in port waters [25]. This port also serves transportation
between islands; loading and unloading of solid goods,
unloading of wood logs, oil distribution, and LPG
(Liquid  Petroleum Gas) that could lead to
contamination [12].

Moreover, the increase in vessel arrivals also
resulted in pollution due to the ballast water discharged
to the port waters. Ballast water is used to maintain
vessel stability. The ballast tank is commonly filled up
with seawater taken from the previous port waters and
would be discharged at the destination port. Older ships
potentially caused contamination of Pb in the port
waters; 26.7% of them were old vessels. This condition
caused the content of Pb in Dwitama dock to exceed
the quality standards for port waters [2].

This research was aimed: a) to test the correlation of
physical-chemical parameters at both high and low tide
using Pearson correlation, b) to test the correlation of
heavy metals (Pb, Cd, Cu, Zn) in seawater and
sediment at both high and low tide, c) to perform
cluster analysis on the stations at both high and low
tide, d) to determine port waters Index of Pollution (IP),
e) to identify factors that affect the port water pollution
using PCA (Principal Component Analysis).

2. Materials and Methods

This study was descriptive research aimed to
identify some facts of an object using a proper
interpretation, random simple collection method, ratio
scale of measurement scale, and secondary data [23].
The research variables included a) physical parameters
(temperature, TSS, TDS, turbidity, brightness); b)
chemical parameters (pH, salinity, BOD, phosphate,
nitrate, sulfide, phenol); c) the content of heavy metals
Pb, Cd, Cu, Zn in waters; d) the content of Pb, Cd, Cu,
Zn in sediment. Research on sediment was also
conducted to analyze the sediment texture in both the
port basin and control station.

The research was conducted in July, August, and
September 2016. At each of the 10 stations, the
sampling was carried out thrice. Thus, there were 84
water samples to examine for both heavy metal content
and physicochemical parameters. Alternatively, for the
content of heavy metals in the sediment, the sampling
was carried out twice in each station, so that 54
sediment samples were obtained. Samples for sediment
texture were taken once so that there were 27 sediment
samples.

2.1. Study Area

The research was conducted in PTES waters,
Semarang City, Central Java province, Indonesia. Two
control stations were employed in this research, i.e,
control station at the estuary of the Banjir Kanal Timur
(BKT) River and the estuary of the Siangker River. The
research also randomly took samples from ten stations,
latitude 6°57.059° S — 6°56.207° and longitude
110°25.150° E-110°26.599’ E. The stations included a)
Station 1, the estuary of the Kali Baru River; b) Station
2, Pusri Dock; c¢) Station 3, Sriboga Dock; d) Station 4,
passenger dock of Pelni, Dharma Lautan Utama; e)
Station 5, dock number 25 for solid and bulk cargo ship;
f) Station 6, container ship dock; g) Station 7, the
outflow from the port basin in the middle part of the
port basin; h) Station 8, LPG dock; i) Station 9, the
estuary of the Banjir kanal Timur (BKT), used as the
control station, positioned at the eastern outer part of
the port basin; and j) Station 10, the estuary of the
Siangker River in the western part of the port basin,
also as the control station (Figure 1).
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Fig. 1 Research sampling station

The samples were obtained using a Van grab. The
samples were put into a new plastic bottle with diluted
acidic water and taken to Regional Health Laboratory,
Semarang. The samples were dried at 25°C for 24
hours, and filtered using a 100-micron sieve for the
sample extraction preparation. AAS (Atomic
Absorption Spectroscopy) was then carried out using
argon gas furnaces and Pb, Cd, Cu, and Zn lamps [3,
11]. The other samples were also examined at the
Marine Laboratory of Diponegoro University,
Semarang, to analyze their sediment texture.

2.2. Sample of Seawater

The seawater samples were collected using Nansen
bottles (three water samples were taken from one
station: surface, middle, and bottom water) and put into
lliter plastic bottle which had been sterilized using
diluted acidic water. After 3 ml nitric acid was added,
the samples were taken to Regional Health Laboratory,
Semarang. The samples were homogenized using a
stirrer, then put into 100 mL plastic bottles. The
samples were analyzed using AAS [3, 11].

2.3. Statistical Analysis

Pearson correlation was applied to measure the
correlation between the two variables linearly and the
data were on a ratio scale. Pearson correlation degrees
include a) very weak (0.00 — 0.199), b) weak (0.2 —
0.399), ¢) moderate (0.4 — 0.599), d) strong (0.6 —
0.799), and e) very strong (0.8 — 1.00) [21]. IBM SPPS
version 25 was applied to perform the analysis. Factor
analysis was aimed to define and analyze
interconnected data by defining the structure
dimensions and determining how far each variable
could be described by each dimension. This research
applied PCA (Principal Component Analysis) approach,
which used an ordinary correlation matrix, correlation
with itself. This PCA testing used the Barlett test of
sphericity; if the result is significant, it means that the
variables are correlated. The next test used MSA
(Measure of Sampling Adequacy); if the value of MSA
< 0.5, factor analysis cannot be carried out [10].

In this research, cluster analysis was also

implemented where objects were grouped based on
characteristics; the same objects would be put into the
same cluster. Cluster analysis answered the process
through similarity measurement, cluster formation, and
the number of clusters formed [29].

2.4. Data Analysis

2.4.1. Geoaccumulation Index and Pollution Load
Index

The geoaccumulation index (lg) Was used to
calculate the pollution in sediments. lg, for heavy
metals was calculated using the following formula [13]:

I — log,(Cp) . (1)

geo 1.5 (Bn)’
where C, is the metal content obtained in the sediment
and B, is the natural chemical content in metal (n). lgeo
value range included a) < O (unpolluted), b) 0-1
(unpolluted to moderately polluted), c) 1-2 (moderately
polluted), d) 2-3 (moderately polluted to severely
polluted, e) 3-4 (severely polluted), ) 4-5 (severely
polluted to extremely polluted), g) > 5 (extremely
polluted). The basic metal values used in this research
were 20 mg/kg for Pb, 0.3 mg/kg for Cd, 95 mg/kg for
Zn, and 35 mg/kg for Cu [28]. Factor 1.5 was the basic
matrix of correction factors. PLI (Pollution Load Index)
is used to calculate the pollution level caused by heavy
metals in sediment, using the following formula [13, 1]:

PLI = }/CF; xCF, x CF3 x...x CFy, 2)
where CF obtained by
CF = Cmetal (3)
Cbaseline

The pollution index in waters was examined to
analyze the pollution level [17, 7]:

C; C;
(:.l.)lzl/lax'l'(l‘_il.)xzqv
PIJ = e 2 S (4)
where PI; (pollution index to j), C; (water quality

concentration to i), Lj (water quality standard on j),
Max (Maximum), Av (average).

3. Results

Station 9 (BKT) is a control station located outside
the port basin which was not affected by the basin
waters. The average water temperature reached
30.88°C and ranged from 27.47 to 32.12°C, meeting
the quality standards. The lowest water temperature
was found at Station 9. It was also found that the water
pH of the water ranged from 6.85 to 7.71, with the
average reaching 7.42, which met the quality standards.
The DO content ranged from 6.47 to 7.69 mg/l, with
the average value reaching 7.31 mg/l. The lowest DO
content was also found at Station 9. The average TDS
value reached 733.97 mg/l, at a value of 502-656.17
mg/l. The highest value was found at Station 3. The
average value of turbidity was 147.99 NTU, ranging
from 27.54 to 716.99 NTU, exceeding the quality
standard. The highest and lowest values were found,



Wibisono et al. Factors Affecting Water Quality and Surface Sediment at the Port of Tanjung Emas Semarang during the East Asian Monsoon,

221

Vol. 49 No. 10 October 2022

respectively, at Station 4 and Station 9.

The brightness values of all stations had exceeded
the quality standard, with the average value reaching
0.94 m, ranging from 0.3 to 1.23 m. The highest value
was found at Station 4 while the lowest was found at
Station 9. The average value of salinity reached 28.86
ppt, ranging from 27.2 to 29.58 ppt. The lowest value
was found at Station 9 while the highest was found at
Station 5. The average TSS value reached 109.59 mg/I,
ranging from 23.67 to 302.17 mg/l. The TSS value at
the control station 9 reached 121.33 mg/l, which was
different from the waters in the port basin. The highest
value was found at Station 7 and the lowest was at
Station 6.

This TSS content had exceeded the quality standard.
The BODs values ranged from 0.35 to 0.44 mg/l, with
the average value reaching 0.4 mg/l, which still met the
quality standards. The value of BODs at Station 4 was

the same as in the control Station 9. The average value
of phosphate reached 0.69 mg/l, ranging from 0.58 to
1.17 mg/l. The lowest value was found at Station 1
while the highest was at Station 8. The value found at
the control station was above the quality standard. The
phosphate value was found above the quality standard.
The average nitrate content reached 0.27 mg/l, ranging
between 0.23 and 0.56 mg/l. The highest value was
found at Station 9. The content of sulfide was out of the
quality standard, with an average value of 0.03, the
lowest value of 0.02 and the highest value of 0.04
(Station 1). The average value of phenol reached 0.03
mg/l, ranging from 0.03 to 0.04 mg/l, exceeding the
quality standards. 7 out of 13 physico-chemical
variables met the quality standards (temperature, pH,
DO, TDS, salinity and BOD); while other 6 variables
did not meet the quality standards (turbidity, brightness,
TSS, phosphate, nitrate, sulfide and phenol) (Table 1).

Table 1 Physico-chemical parameters at high tides

Parameters Sampling Field Quality Standards
1 2 3 4 5 6 7 8 9 [8.22]
Temperature (°C) 31.78 316 31.05 3125 3118 3043 3212 31.03 2747 28-32
Ph 7.09 7.52 7.67 7.58 7.59 7.37 7.38 7.71 6.85 7-8.5
DO (mg/l) 7.26 7.25 7.6 7.19 7.54 7.46 7.33 7.69 6.47 >5
TDS (mg/l) 644 626.83 656.17 632.67 620.5 502 583 560.83 513.67 2000
Turbidity (NTU)  54.76 131.89 75.72 716.99 8576 28.23 14469 66.32 27.54 <5
Brightness (m) 089 1.04 0.99 1.23 119 099 0.93 0.88 0.3 >3-5
Salinity (ppt) 29.08 29.32 29.42 29.38 2958 28.1 29.07 28.63 27.2 33-34
TSS (mg/l) 77.67 118.67 95.17 56.17 3167 23.67 30217 159.83 121.33 20-80
BOD (mg/l) 039 04 0.44 0.43 035 036 042 0.42 0.43 20
Phosphate (mg/l) 0.58  0.61 0.8 0.66 072 064 0.73 1.17 1.01 0.015
Nitrate (mg/l) 0.23 0.23 0.26 0.23 0.23 0.23 0.23 0.23 0.56 0.008
Sulfide (mg/l) 0.04 0.03 0.03 0.03 0.02 0.02 0.03 0.03 0.02 0.01
Phenol (mg/1) 0.04 0.03 0.03 0.04 0.04 0.03 0.03 0.03 0.03 0.02

The temperature at low tide, at night, was lower
than the temperature at high tide, with an average value
reaching 28.89°C, ranging from 27.13°C to 29.42°C.
At BKT, the temperature reached 28.3°C, which was
lower than the stations in the port basin. The average
pH value reached 7.24, ranging from 6.64 to 7.64. The

lowest pH was found at the control station while the
highest was at Station 5. The average value of DO
content reached 6.79 mg/l, ranging from 4.75 to 12.04
mg/l. The lowest was found at the control station, while
the highest was at Station 5 (Table 2).

Table 2 Physico-chemical parameters at low tides

Parameters Sampling Field Quality Standards
Stal Sta2 Sta3 Sta4d Sta5 Sta6 Sta7 Sta8 Sta9 [8,22]
Temperature °C) 27.13 2942 2922 29.07 292 2922 291 29.32 283 28-32
Ph 7.38 734 764 757 726 7.01 7.11 7.21 6.64 7-8.5
DO (mg/l) 6.08 6.21  5.77 6.09 12.04 6.7 6.79 6.66 4.75 >5
TDS (mg/l) 464.83 4705 456.67 4385 471 42317 458 473 425.33 2000
Turbidity (NTU) 3325 4576 53.76 18.71 39.49 7467 66.2 3499 2617 <5
Salinity (ppt) 25.9 2853 2863 2878 28.85 29 29.32 2895 2318 33-34
TSS (mg/1) 11.17 33.83 2633 933 4483 28 222.83 151.67 1217  20-80
BODs (mg/l) 0.37 0.35 0.36 0.32 0.37 0.32 0.5 0.45 0.33 5
Phosphate (mg/l)  0.17 1.01 1.64 039 063 134 1.6 1.87 0.49 0.015
Nitrate (mg/I) 0.43 0.23  0.39 023 023 0.27 0.23 0.32 0.53 0.008
Sulfide (mg/1) 0.02 0.02  0.02 0.02 002 0.02 0.02 0.03 0.02 0.01
Phenol (mg/l) 0.03 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.03 0.002

The average value of TDS reached 608.1 mg/l, and
the range of 423.17-473 mg/l. The highest value was
found at Station 8 while the lowest was at Station 6.

The value of TDS at the control station 9 was low. The
TDS value still met the quality standards. The turbidity
values at all stations had exceeded the quality standards,
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with the average value reaching 43.68 NTU, ranging
from 18.71 to 74.67 NTU. The lowest turbidity was at
Station 4, while the highest was at Station 6. However,
the turbidity at the control station reached 26.17 NTU.
The salinity level reached 23.28 and 29.32 ppt, with the
lowest value found at the control station 9, the highest
at Station 7. The average value reached 27.90 ppt, still
meeting the quality standard. The average value of TSS
(60.02 mg/l) still met the quality standards. However,
the values at Station 7 and 8 exceeded the quality
standards. At the BKT control station, the value was
lower (12.17 mg/l) and still met the quality standards.
The average values of TSS still met the quality
standards.

The BODs value had exceeded the quality standard
value, which was below 5 mg/l, reaching 0.37 mg/l,
ranging from 0.32 to 0.5 mg/l, and the highest value
was found at Station 7. The phosphate content had
exceeded the quality standards, whose average value
reached 1.02 mg/l, ranging from 0.17 mg/l (lowest) to
1.87 mg/l (highest). The content at the control station
was slightly lower than that found at the station in the
port basin (0.49 mg/l). The average nitrate content was
1.02 mg/l, exceeding the quality standards, with the
lowest at Station 2 (0.23 mg/l), and the highest at
Station 9 (0.53 mg/l). The sulfide content had also
exceeded the quality standard (at the average value of
0.02 mg/l), with the lowest value reaching 0.02 mg/I
and the highest reaching 0.03 mg/l. The average value

of phenol reached 0.03, exceeding the quality standards.

The lowest value was found at Station 8 and the highest
was at Station 2. The value at the control station was
the same as those at Stations 1, 3, 4 and 6. On the
physical-chemical parameters at low tide, there were
only 12 variables, excluding brightness as it was at
night. Six out of twelve physical-chemical variables
met the quality standards (temperature, pH, DO, TDS,
salinity, and BODs); while other 6 variables did not
meet the quality standards (turbidity, BODs, phosphate,
nitrate, sulfide and phenol).

There was a strong significant correlation between

these variables: temperature-DO (0.729, p < 0.05),
brightness-pH (0.774, p < 0.05), and brightness-DO
(0.723, p < 0.05). Moreover, DO-pH (0.836, p < 0.01)
and brightness-temperature (0.804, p < 0.01) had a very
strong correlation. There was a very strong correlation
between salinity and other physical variables: salinity-
temperature (0.857, p < 0.01), salinity-TDS (0.878, p <
0.01), and salinity-brightness (0.860, p < 0.01).
However, there was a negatively strong significant
correlation between nitrate-brightness (0.893, p < 0.01)
and nitrate-salinity (0.788, p < 0.05) (Table 3).

There was a very strong positive relationship
between BODs-TDS (0.709, p < 0.05) and BODs-TSS
(0.891, p < 0.01), a strong positive relationship
between phosphate-TSS (0.682, p < 0.05), sulfate-TDS
(0.663, p < 0.05). 0.05) and sulfate BODs (0.689, p <
0.05). There was a very strong negative significant
relationship between nitrate-salinity (0.768, p < 0.01),
phenol-TSS (0.767, p < 0.01), phenol-BODs (0.835, p
< 0.01); however, there was a strong relationship
between phenol-sulphide (0.707, p < 0.05) (Table 4).

There was a strong significant positive correlation
between Cugg and Cdsq (0.764, p < 0.05); there was a
strong significant positive correlation between Pbgyg
with metals in sediment, including Pbgeg-Cdseq (0.831, p
< 0.001) and Pbgg-Cugeq (0.932, p < 0.01). There was a
strong positive correlation between Zn in sediment and
other metals in sediment, including Znseq-Cdseq (0.689,
p < 0.05); there was a very strong positive correlation
between Zngq-Cugeq (0.963, p < 0.01) and Zngeg-Pbgeg
(0.872, p < 0.01) (Table 5).

During low tide, there was a strong significant
positive correlation between Cugg-Cdgg (0.764, p <
0.05). For Pb metals in sediment, there was a very
strong relationship between Pbgeq -Cdseq (0.831, p < 0.01)
and Pbgeg - Cugeq (0.932, p < 0.01). There was a strong
correlation between Zngy - Cdseq (0.689, p < 0.05);
there was a very strong correlation between Zngeg-Cuseq
(0.963, p < 0.01) and Zngg - Cusqy (0.872, p < 0.01)
(Table 6).

Table 3 Pearson correlation between physicochemical variables at high tides

Temp pH DO TDS Turb  Bright Salinity TSS BODs; P N S P
Temp 1
pH 0.606 1
DO 0.729° 0.836™ 1
TDS 0.641  0.419 0343 1
Turb 0.225  0.287 -0.074 0347 1
Bright  0.804™ 0.774" 0.723" 0579 0479 1
Salinity 0.857™ 0.696" 0.641 0878 0.366 0.8607 1
TSS 0.191  -0.049 -0.059 -0.082 -0.120 -0.272 -0.038 1
BOD; -0.178 -0.006 -0.285 0.154 0317 -0.345 -0.102 0492 1
P -0.502  0.034 -0.071 -0.430 -0.255 -0.548 -0.483 0301 0432 1
N -0.937 -0.723 -0.856 -0.492 -0.222 -0.893** -0.788" 0.047 0.339 0466 1
S 0.611  0.076 0214 0642 0184 0.202 0.467 0.266 0344 -0.239 -0429 1
Phe 0.287  0.006 0.042 0517 0478 0.460 0.467 -0.482 -0.338 -0.438 -0.275 0.250 1

Notes: Temp (Temperature), Turb (Turbidity), P (Phosphate), Bright (Brightness), N (Nitrate), S (Sulfide), Phe (Phenol)
* Correlation is significant at the 0.05 level (2 tailed).

** Correlation is significant at the 0.01 level (2-tailed).
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Table 4 Pearson correlation matrix between physicochemical variables at low tide
Temp pH DO TDS Turb  Salinity TSS BOD; P Nitrate Sulfide Phenol
Temp 1
pH -0.049 1
DO 0189 0109 1
TDS -0.254 0.406 0307 1
Turb 0.234 -0.068 0.053 0.246 1
Salinity 0.362 0556 0.398 0424 0514 1
TSS 0.088 -0.135 0.091 0421 0436 0.451 1
BODs -0.145 -0.001 0.081 0.709" 0.483 0.396 0.8917 1
P 0.264 0055 -0.077 0.382 0.691" 0.599 0.682° 0.650" 1
Nitrate  -0.518 -0.350 -0.507 -0.059 -0.148 -0.768" -0.259 -0.019 -0.125 1
Sulfide -0.307 0.017 -0.046 0.663° 0.261  0.290 0.475 0.689" 0.602  0.198 1
Phenol 0.241 0.123 -0.017 -0.382 -0.356 -0.272  -0.767" -0.835" -0.580 -0.140 -0.707" 1
Notes: Temp (Temperature), Turb (Turbidity), P (Phosphate)
* Correlation is significant at the 0.05 level (2 tailed).
** Correlation is significant at the 0.01 level (2-tailed).
Table 5 Pearson correlation matrix between metals at high tides
Cdsw Cusw Pbsw Znsw Cdsed Cused Pbsed Znsed
Cdg, | 1
Cuy | -0315 1
Pb,, | 0376 -0501 1
Zng,, | 0181 0316 0375 1
Cdgq | 0.083 -0.195 0.271 0.431 1
Cugq | 0.044 -0.326 0519 0.569 0.764" 1
Pbeq | -0.039 -0.092 0.259 0.650 0.8317 09327 1
Zneg | 0.144 -0280 0540 0.608 0.689° 0.963" 08727 1
Table 6 Correlation between metal variables at low tides
Cdsw Cusw Pbsw Znsw Cdsed Cused Pbsed Znsed
Cdy | 1
Cuy, | 0152 1
Pby, | 0.611 0638 1
Zng, | -0.215 0520 0241 1
Cdgqg | 0.191 0.033 0.153 -0.262 1
CuUgq | 0.040 0.133 0.053 -0.012 0.764" 1
Pbeg | 0.190 -0.045 0.153 -0.163 0.831" 0.932” 1
ZNeg | 0201 0294 0.216 0.037 0.689° 0963~ 08727 1

Based on the agglomeration schedule, there were
four clusters. The first cluster consisted of Stations 7

and 8 (with Euclidean distance reaching 3.158), the
second cluster included Stations 2-4 and Stations 5-6
(with distances reaching 3.251 and 3.815). The third
cluster comprised Stations 2 and 3 with distances
reaching 5.293, and the fourth cluster included Stations
1 and 9 with distances reaching 6.311. This condition
occurred because, at low tide, the current outside the
port moved from the east to the west, while the current
inside the port basin moved from the estuary of the
Kali Baru out of the port basin. The descending order
of the pollution levels by station was 7>6>4>1 (Figure
2a).

Dendrogram using Single Linkage
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Fig. 2 Cluster-éhalysis: a) At low tide (4 clusters), b) At high tide (3
clusters)

There were three clusters at high tides. The first
with the closest Euclidian distance was Stations 2 and 3
(distance coefficient reaching 3.488). The second pair
was Station 2 with Stations 7, 8, 4, 5 and 6 whose
distance ranged from 3.488 to 3.941. The third pair was
Stations 1 and 9, whose distance reached 8.035.
Dominantly, during the high tide, the current moved
from the west to the east, while in the port basin, the
current moved toward the mouth of the Kali Baru. This
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condition caused heavy metals with the highest value to
be around the estuary of the Baru River. Thus, the
descending order of the heavy metal pollution by the
station was 1>3>7 (Figure 2b).

The content of Cd in seawater during the high tide
ranged from 0.06 to 0.08 mg/l, with the maximum
value found in the estuary of the Kali Baru. The content
of Cu ranged between 0.05 and 0.13 mg/l, with the
maximum value found in the BKT estuary. The content
of Cd and Cu exceeded the port quality standards (0.01
mg/l). The content of Pb ranged from 0.41 to 0.49 mg/I,
with the maximum value found in the bulk flour dock
and the minimum value found in the estuary of the
Siangker River and BKT. The content of Zn was 0.04
and 0.07 mg/l, with the maximum value found at the
container ship dock. The content of Pb and Zn in
seawater also exceeded the port quality standards. In a
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descending order, the content of heavy metal in this
research was Pb>Cd>Cu>Zn (Figure 3).

The content of heavy metal Cd in seawater ranged
from 0.06 to 0.09 mg/liter, with an average value
reaching 0.07 mg/l. The maximum content value of Cd
was found in the bulk flour dock. This value was above
the threshold of quality standards for ports and biota.
Cu values ranged from 0.04 to 0.24 mg/l, with a
minimum value found in the control station, the estuary
of BKT, while the maximum value was found in the
bulk flour dock. The Cu content exceeded the port
quality standards. Pb value ranged from 0.37 to 0.63,
with the maximum value found at Station 7 (the estuary
of the port basin). This value was 10.8 times higher
than the port quality standard threshold. Zn values
ranged from 0.03 to 0.09 mg/l, with the maximum
value found in the bulk flour dock.
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Fig. 3 Heavy metal concentrations in seawater at high tides

The content of Zn passed the quality standards for
ports and biota. In a descending order, the content of
heavy metals during low tide was Pb>Cd>Cu>Zn,
greater than the content during high tide, because the
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water volume decreased, leading to the increase in
heavy metal concentration; the order of concentration
both during high and low tide was the same (Figure 4).
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Fig. 4 The content of heavy metals in seawater at high tides

Zn content in the sediment ranged between 33.3 and
93.53 mg/kg, with an average value of 58.86 mg/kg.
The maximum concentration of Zn was found in the

estuary of the Baru River, which is located in the port
basin, while the lowest was found in the estuary of
BKT. The estuaries of BKT (Station 9) and the
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Siangker River were control stations located outside the
port basin. The concentration of Pb in the sediment was
at 9.33 and 30.87 mg/kg, with the maximum value
found at Station 1, the estuary of the Kali Baru; while
the lowest was found at the bulk flour dock.
Alternatively, the control stations, the estuaries of BKT
and the Siangker River were 10.14 and 18.47 mg/kg,
respectively. The content of Cu reached 6.46 and 48.57
mg/kg, with a maximum value found in the estuary of
the Baru River, and the minimum was at the estuary
control station BKT. The content of Cd ranged from
0.32 to 0.47, with a minimum value found in bulk flour
docks, and a maximum in the estuary of the Baru River.
The maximum content of Zn, Pb, Cu, and Cd were
found in the port basin, the estuary of the Kali Baru,
which showed that the dominant current direction
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moved toward the port basin and the river estuary in
the port basin. In the descending order, the content of
heavy metals in the sediment was Zn>Cu>Pb>Cd
(Figure 5).

The accumulated index value (lgo) in Zn ranged
between 0.07 and 0.2, with an average value reaching
0.125, indicating that the sediment was nearly polluted
by Zn. The control station (Station 9) showed a
different value compared to the port basins. The value
of Igo On Pb reached 0.09 and 0.51, with a maximum
value found at Station 7 and minimum at Station 3. The
value of Iy, on Cu ranged between 0.04 and 0.3, with a
minimum value at the estuary of BKT and a maximum
at the estuary of the Kali Baru. These values indicated
that Cu had polluted the sediment.
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Fig. 5 The content of heavy metals in sediments during the East Asian Monsoon

Alternatively, the value of Iy, on Cd ranged
between 0.21 and 0.31, with a minimum value found at
Station 6, and a maximum on Station 1. The value of
lgeo in metals Zn, Cu, and Cd was maximum in the
estuary of the Kali Baru. The values of Cu, Zn, and Pb
differed from the control stations, i.e., Station 2 (BKT

estuary) and Station 10 (Siangker estuary) compared to
the stations in the port basin. In the descending order,
the values of Iy, were Pb>Cd>Zn>Cu. The overall
value of Iy, at all stations indicated that they were
nearly moderately polluted (Figure 6).
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Fig. 6 The value of Iy, in sediments during the East Asian Monsoon

The PLI value for Zn metal ranged from 0.35-0.98,
with the highest value found at the estuary of the Kali
Baru. The PLI value for Pb metals was 0.78 on average,
while the PLI for Cu metals ranged from 0.2-1.52. The

PLI values for Zn, Pb, and Cu metals indicated that
there was no contamination. The value of PLI on Cd
was 1.2 on average, with the highest value found in the
estuary of the Kali Baru. The PLI condition on the Cd
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metal indicated that pollution occurred. Overall, the
estuary of the Kali Baru was the largest contributor to
heavy metal contamination. In order, the PLI value of
heavy metals in sediments was Cd>Pb>Zn=Cu (Figure
7).

Based on the value of PLI, it was found that the
sediment pollution was caused by Cd and occurred in
the estuary of the Kali Baru. The sediment composition
in the PTES water was dominated by mud. In the
estuary of the Kali Baru, the mud was dominant (56%),
followed by sand and clay. The fertilizer dock was
dominated by mud, reaching 90%, followed by clay
and sand. At the bulk flour dock, mud predominated as
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high as in the fertilizer dock, followed by clay and sand.
At Station 4 (passenger ship dock), mud was also
predominant, followed by sand and clay. At dock
number 25 (Station 5), where cargo ships docked, the
dominance of mud was higher (92%), while at Station
6, the container ship dock, the dominance of mud was
the largest (94%), as was found at Stations 9 and 10.
The predominance of mud was also found in Station 7
(output flow from the port basin), Station 8 LPG dock,
Station 9 (BKT estuary) and Station 10 (the Siangker
River estuary), so that at all stations, the sediment was
predominated by mud (Figure 8).
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Fig. 7 PLI value in sediments
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Fig. 8 Sediment texture in PTES water

The pollution index (IP) during low tide ranged
from 12.28 to 655.76, with the maximum condition
found at the bulk flour dock and the minimum at the
passenger ship dock. At high tide, the IP ranged
between 11.01 and 236.79, where the maximum IP was
at the same station (bulk flour dock) while the
minimum was found at the container ship dock. The IP
value at low tide was greater than that at high tide. The
IP at the bulk flour dock at low tide was 65.5 times
greater than the maximum IP value, while at high tide,
the IP was 23.7 times greater than the maximum IP. All
stations at both low and high tides were classified as
heavily polluted. At low tide, the control point (Station
9) had a different IP value compared to the conditions

in the port basin because at the estuary of BKT, the
current moved to the west, so the levels of
contamination decreased. However, in the port basin,
the current moved from the estuary of the Kali Baru to
the north, increasing the IP value as it moved to Station
2 (the fertilizer dock) and 3 (the flour dock) and
decreasing as it moved to Station 4; the value increased
again as it moved to the outside of the port. During
high tide, the current moved into the port basin, so that
the IP value at the LPG dock (Station 8) increased and
continued to decline to Station 5, but increased on the
fertilizer and flour dock and decreased at the estuary of
the Kali Baru. This finding showed that at high and low
tides, at the fertilizer and flour dock, the water was
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trapped in the dock and could not circulate so the IP
value reached the highest. The IP level at low tide was
greater than that at high tide (Table 7).

Twenty-one variables were analyzed, including
temperature, pH, DO, TDS, turbidity, brightness,
salinity, TSS, BODs, phosphate, nitrate, sulfide, phenaol,
Cd in seawater, Cu in seawater, Pb in seawater, Zn in
seawater, Cd in sediment, Cu in sediment, Pb in
sediment, and Zn in sediment. Five factors (with
eigenvalue >1) were considered, where factor 1 was

40.72%, factor 2 18.62%, factor 3 of 14.68%, factor 4
of 11.714%, and the remaining factor 5 6.5%. The
number of these five factors 92.23% explained the
factors, which affected pollution at high tides during
the East Asian Monsoon in 2016, while the remaining
7.77% was influenced by other factors. All variables
(21 variables) had a communality value of 1, which
showed 92.23% of the total variance, with the largest
communality value being found in turbidity (0.993) and
the lowest being found in Zn in sediment (0.903).

Table 7 The Pollution index (IP) at high and low tides

No. L; Condition _Sampling Field

1 2 3 4 5 6 7 8 9
1 28 LowTide 4141 4006 655.76 1228 13.83 31.61 33.68 3899 18.83
2 33 HighTide 17.34 22743 236.79 60.25 1515 11.01 1882 17.76 24.26

Based on the matrix component and rotated matrix
components as explained, there are 5 factors, which
caused pollution at high tides: a) factor 1 including
temperature (loading factor 0.949), pH (0.909), DO
(0.922), brightness (0.863), salinity (0.838), and nitrate
(-0.903); b) factor 2 including sulfide (0.785), Cu in
seawater (Cus,) (-0.585), Zny, (0.588), Cu in sediment
(Cuse)(0.918), Pbsy (0.96) and Zngq (0.864); c) factor
3 including TSS (0.877), phenol (-0.528); factor 4
including turbidity (0.971), BODs (0.791), phosphate
(0.556), Cdsy (0.97); and d) factor 5, including TDS
(0.707) and Phb, (0.673) (Figure 9a).
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At low tide, at night, 6 out of 20 variables
(excluding brightness) which affected pollution during
the East Asian Monsoon had eigenvalue > 1, with
overall value reaching 92.88%, including factor 1
(28.93%), factor 2 (24.44%), factor 3 (16.84%), factor
4 (9.64%), factor 5 (7.83%), and factor 6 (5.2%). The
remaining 7.12% were other factors that caused
pollution at low tide. All variables showed initial
commonalities 1, with the greatest value in nitrate
(extraction factor 0.989), and the lowest in the DO
(0.661). In the matrix component, the six factors, which
affected (with the value of KMO [Kaiser-Meyer-
Okkin] > 0.5) were a) factor 1 including salinity
(loading factor 0.295), TSS (0.711), BOD (0.635),
phosphate (0.728), nitrate (-0.775), Cus, (0.641) and
Pbgy (0.841); b) factor 2 including temperature (-0.743),
Cdseq (0.838), Cugeq (0.945), Pbey (0.918) and Zngyg
(0.947); ¢) factor 3 including pH (0.599), phenol
(0.726); d) factor 4 including DO (-0.509), Cds, (-
0.538), Zng, (0.784); e) factor 5 including turbidity
(0.694) and sulfide (-0.623); f) factor 6, including TDS
(0.615) (Figure 9b).

4. Discussion

The high content of Cu in PTES indicated that the
area was close to the ship dock and the current during
the low tide moved into the port waters [14]. The high
content of Pb was caused by the waste of oil and coal,
the value of Pb was higher than that of Cu because of
the nature of Cu metal which quickly settled, compared
to Pb [20]. This condition was in contrast to Suape Port
in Brazil, where the accumulated value had not been
polluted and affected by anthropogenic impacts [19].
The condition of sediment pollution agreed with
research done in the Buriganga River (Dhaka,
Bangladesh), which stated that Pb, Cd, and Cu metals
caused PLI > 1 [1]. Research on sediments in Setiu
Wetland, Malaysia identified the factors, which caused
pollution, such as metal Pb and Cu, whose role in
pollution reached 44.1%, while the cluster analysis of
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Pb and Cu also gave a higher level in causing pollution
[27].

The content of heavy metals in seawater at PTES
exceeded the quality standards, excluding Zn; on the
other hand, metals in sediments were still below the
quality standards. The content of heavy metal Pb in
seawater was the largest, while Zn was the smallest.
The content of heavy metals in sediments was greater
than in seawater. In descending order, the content level

of heavy metals in the sediment was Zn>Cu>Pb>Cd.
However, research conducted in Balochistan, Pakistan
showed that the Fe levels in seawater and sediments
were the largest, while the smallest was Cd [5]. The
content of heavy metals in Bastiong Port, Ternate,
North Maluku, was smaller than in PTES; the content
of Pb in the sediment was influenced by community
waste disposal, such as battery plates and cans that
contained Pb [18] (Table 8).

Table 8 The comparison of research on PTES and other research

Region Pb Cd Cu Zn Pb Cd Cu Zn Reference
Seawater Sediment

PTES 0.5 0.08 007 0.06 1551 0.37 19.84 58.86  Thisstudy
Ternate - - - - 459 - 3.86 [18]
Tulehu 0.05  0.002 - 541 089 - [15]
Teluk Doreri 0.007 0.002 0.007 - - - - - [24]
Gresik - - - - 337 296 0.08 5.87 [26]
Jeneberang - - - - 36 0.74 5471 130.28 [28]
Yangtze River, China 083 0.04 147 891 258 0.13 197 715 [9]
(Quality standards) 005 001 005 01 - - - - [8]
(Quality standards) 302 07 [6]

The content of heavy metal Pb both at Tulehu Port,
Central Maluku, and at PTES was on the threshold of
quality standards. It was caused by waste discharged
from fishing boats, fuel replacement, and mud
sedimentation. The heavy metals Pb and Cd in
sediments would provide a strong correlation to the
decrease in the abundance and diversity of marine life
[15, 16]. The content value of Cd metal in Doreri Bay,
Manokwari, still met the quality standards for port
waters, but the content had exceeded the quality
standards for marine life (< 0.001 mg/l). This condition
was caused by the activities in the port area, such as
ship painting, ship docking, etc. affecting the bay
waters [24].

The content value of heavy metals in the sediments
in Gresik waters was smaller than that in the PTES,
excluding Cd content in the sediments; in these waters,
there were ports, industrial areas, and fish processing
[26]. The content value of the heavy metals in the
sediments in the Jeneberang River, Makassar, was
higher compared to PTES's, which was influenced not
only by volcanic weathering but also by household
discharges of the dense settlements and disposal of
residual boat fuel accumulated in the sediments [28].

The content value of heavy metals Pb, Cu, and Zn in
seawater in the estuary of the Yangtze River was
greater than in PTES waters, except for the Cu value;
while in sediment, the contents of Pb and Zn were
greater than in PTES sediment, excluding the content
of Cu and Cd in sediment. These conditions showed
that the pollution in the Yangtze River Estuary was
mainly caused by run off, chemical liquid leakage,
agricultural waste, and ship accidents [9].

5. Conclusion
At high tide, the control station (Station 9) has not

shown significant differences compared to the stations
in the PTES basin, only on the parameters of
temperature, brightness, and TSS. During this high tide,
seven variables met the quality standards and 6
variables that did not. At low tide, the control station
also showed differences in the parameters of
temperature, pH, TDS, turbidity, and TSS. This
condition was possibly caused by the control station
located at the east of the adjacent PTES and was still
affected by the PTES waters.

In terms of physico-chemical variables’ correlation,
there was a very strong positive correlation between the
parameters of DO-pH, and temperature-brightness at
high tide, while at low tide, there was a very strong
correlation between BODs-TSS. Clustering carried out
using cluster analysis at high tide found 3 clusters.
Thus, in terms of pollution level, the descending order
was 1>3>7; while at low tide, 4 clusters were found,
7>6>4>1.

In waters, the findings showed that Pb was found as
the most dominant pollutant at both high and low tides
(Pb>Cd>Cu>Zn). In sediment, Zn was the most
dominant of all (Zn>Cu>Pb>Cd). The value of Iy,
showed that the pollution in sediment was medium, and
the order was the same as in the waters. However,
based on the PLI value, the order was Cd>Pb>Zn=Cu
with dominance on Cd. The value of IP at both high
and low tide at all stations indicated that they were
heavily polluted. Under these conditions, it was seen
that the fertilizer and flour docks were heavily
contaminated because the water at both docks was
trapped and unable to circulate.

The pollution in the PTES waters was influenced by
five factors, reaching 92.23%; while at low tide, there
were six factors, reaching 92.88%. The natural and
anthropogenic background factors such as salinity were
the ones that influenced the heavy pollution in the
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PTES.

The PTES is located between industrial areas,
industrial docks in the port basin, slums, a ship waste
holding facility, water treatment facility in both
industrial and residential areas; this fact needs to be
provided by the stakeholders. However, the supervisory
function needs to be carried out by the government to
supervise any activities both in the port and the
surrounding area.

There is a difference in the accumulation of heavy
metals at high tide or low tide, at low tide heavy metals
accumulate on the outside toward the port, while at
high tide it accumulates at the mouth of the Kali Baru.
This is caused by differences in the flow of tidal or ebb
currents. All research stations were classified as having
heavy pollution. Both control stations (Siangker and
BKT estuaries) showed differences with stations inside
the port, including physico-chemical variables, namely:
a) TSS, phosphate, nitrate during high tide conditions;
b) pH, DO, TDS, turbidity, TSS at low tide.

This research is only limited to the East Asian
Monsoon so to get the full condition of PTES, it is
necessary to conduct research in the West Asian
Monsoon and integrate it. The PTES port manager who
obtained the Green Port Award should control water
pollution, domestic waste and toxic waste from
commercial vessels in collaboration with the port
authorities through vessel inspections by the Marine
Inspector. The management also needs to coordinate
with the provincial environment agency to deal with
pollution in the Kali Baru estuary.

References

[1] AKBOR A A, RAHMAN MM, BODRUD-DOZA M, et
al. Metal pollution in the water and sediment of the
Buriganga River, Bangladesh: an ecological risk perspective.
Desalination and Water Treatment, 2020, 193: 284-301.
https://doi.org/10.5004/dwt.2020.25805.

[2] ANISYAH A U, JOKO T, and NURJAZULI. Study of
the content and load of lead (Pb) metal pollution in ballast
water for cargo and passenger ships at the port of Tanjung

Emas, Semarang (in Indonesian). Jurnal Kesehatan
Masyarakat, 20186, 4(4): 843-851.
https://doi.org/10.14710/jkm.v4i4.14376

[3] APHA (AMERICAN PUBLIC HEALTH

ASSOCIATION). Standard Methods for the Examination of
Water and Wastewater, 22™ edition. Street NW (US), Water
Environment Federation. 2012.

[4] ASPIN A, and NAFSI N. The pattern of distribution of
slum settlements (case study: North Semarang District,
Semarang City) (in Indonesian). Nature: National Academic
Journal  of  Architecture, 2021, 8(1):  39-52.
https://doi.org/10.24252/nature.v8ilas

[5] ASLAM S, CHAN M W H, SIDDIQUI G, et al.
Comprehensive assessment of environmental pollution by
means of heavy metal analysis for oysters’ reefs at Hab
River Delta, Balochistan, Pakistan. Marine Pollution Bulletin,
2020, 153: 110970.
https://doi.org/10.1016/j.marpolbul.2020.110970.

[6] CCME (CANADIAN COUNCIL OF MINISTERS FOR

ENVIRONMENT). Canadian Sediment Quality Guidelines
for the Protection of Aquatic Life: Summary Tables,
Canadian Environmental Quality Guidelines. Canadian
Council of Ministers for Environment, Winnipeg. 1999.

[7] THE STATE MINISTER OF THE ENVIRONMENT.
Decree Number 115/2003 on “Guidelines for Determining
the Status of Water Quality”. State Ministry of Environment,
Jakarta, 2003.

[8] THE STATE MINISTER OF THE ENVIRONMENT.
Decree Number 51/2004 “Seawater Quality Standards:
Ports Waters, Marine Tourism, Marine Life”. State Ministry
of Environment, Jakarta, 2003

[91 FAN H, CHEN S, LI Z, et al. Assessment of heavy
metals in water, sediment, and shellfish organisms in typical
areas of the Yangtze River Estuary, China. Marine Pollution
Bulletin 2020, 151, 110864: 1-9.
https://doi.org/10.1016/j.marpolbul.2019.110864.

[10] GHOZALI 1. Application of multivariate analysis with
IBM SPSS 25, 9" edition (in Indonesian). Badan Penerbit
Universitas Diponegoro, Semarang. 2018.

[11] GOKKUS K. and BERBER S. Heavy metal pollution in
Inebolu and Bartin Port, Black Sea, Turkey. Indian Journal
of Geo Marine Sciences, 2019, 48(10): 1600-1608.
http://nopr.niscpr.res.in/handle/123456789/51152.

[12] LUBIS R R, KARINA S, and ULFAH M. Analysis of
heavy metal Pb on sediment at Port of Ulee Lheue, Banda
Aceh (in Indonesian). Jurnal llmiah Mahasiswa Kelautan
dan Perikanan Unsyiah, 2019,  4(2): 9-14.
http://jim.unsyiah.ac.id/fkp/article/view/13422

[13] MUELLER G. Index of geo accumulation in sediments
of the Rhine River. Geojurnal, 1969, 2: 108-118.

[14] NATADISASTRA G G, HASAN Z, SRIATI, and LILI
W. Copper (Cu) absorption capabilities on Avecennia
marina’s root in Karangsong’s Estuary, Indramayu (in
Indonesian). Jurnal Perikanan dan Kelautan, 2018, (IX), 2:
41-48. https://doi.org/10.1088/1755-1315/383/1/012033

[15] NATSIR N A, HANIKE Y, RIJAL M, and BACHTIAR
S. Heavy metal content of lead (Pb) and cadmium (Cd) in
water, sediment and mangrove organs in Tulehu waters (in
Indonesian). Jurnal Biology Science & Education, 2019,
8(2): 149-159. http://dx.doi.org/10.33477/bs.v8i2.1144

[16] NATSIR N A, HANIKE Y, and AF A N A.
Accumulation of heavy metals Pb and Cd in sediments and
their relationship with marine biota in Tulehu Ambon waters
(in Indonesian). Biotropic: The Journal of Tropical Biology,
2021, 5(1): 41-49.
http://repository.iainambon.ac.id/id/eprint/1442

[17] NEMEROW N L, and SUMITOMO H. Benefits of
water quality enhancement report no. 16110 DAJ Prepared
for the U.S. Environmental Protection Agency, 1970.

[18] NURHAMIDDIN F, and IBRAHIM M H. Study of
heavy metal pollution of lead (Pb) and copper (Cu) in marine
sediments at Bastiong port, Ternate City, North Maluku
Province (in Indonesian). Jurnal Dintek, 2018, 11(1): 41-55.
http://jurnal.ummu.ac.id/index.php/dintek/article/view/139/9
2

[19] OLIVEIRAT S, XAVIER D DE A, SANTOS L D, et al
Geochemical background indicators within a tropical
estuarine system influenced by a port-industrial complex.
Marine Pollution Bulletin, 2020, 161 (part a), 111794: 1-8.
https://doi.org/10.1016/j.marpolbul.2020.111794.

[20] PERMATA M A D, PURWIYANTO A | S, and
DIANSYAH. Concentration of heavy metal Cu (Copper) and
Pb (Lead) in the water and sediments of industrial area,


https://doi.org/10.24252/nature.v8i1a4
https://doi.org/10.1016/j.marpolbul.2019.110864
https://doi.org/10.1016/j.marpolbul.2020.111794

230

Lampung Bay, Lampung Province. Journal of Tropical
Marine Science, 2018, 1(2): 7-14.
https://doi.org/10.33019/jour.trop.mar.sci.v1il.667.

[21] PRIYATNO D. SPSS Hand Book: Data Analysis, Data
Processing & Settlement of Statistical Cases (in Indonesian).
Mediakom, Yogyakarta, 2016.

[22] THE MINISTRY OF INTERNAL AFFAIRS. Regional
Regulation of Yogyakarta Number 7/ 2016 “Wastewater
Quality Standards”. Yogyakarta City Government, 2016.
[23] SEDARMAYANTI, and HIDAYAT S. Research
methodology (in Indonesian). Penerbit CV Mandar Maju,
Bandung. 2011.

[24] SEMBEL L, MANANGKALANGI E, MARDIYADI Z,
and MANUMPIL A W. Water quality in Doreri Bay,
Manokwari Regency (in Indonesian). Jurnal Enggano, 2019,
4(1): 52-64. https://doi.org/10.31186/jenggano.4.1.52-64
[25] SUBARKAH M, SRIKANDI E D, ADAMI A, and
SUMARLIN. Analysis of lead (Pb) and Zinc (Zn) heavy
metal pollution in Kendari Ocean Fishing Port waters (in

Indonesian). Jurnal TELUK Teknik Lingkungan UM Kendari,

2021, 1(1): 27-31. https://doi.org/10.51454/teluk.v1i1.123
[26] SYAIFULLAH M, CANDRA Y A, SOEGIANTO A,
and IRAWAN B. Non-essential metal content (Pb, Cd, and
Hg) and essential metals (Cu, Cr and Zn) in sediments in the
waters of Tuban Gresik and Sampang, East Java. Jurnal
Kelautan, 2018, 11(2): 69-74.
https://doi.org/10.21107/jk.v11i1.4497

[27] TALUKDER R, RABBI M H, BAHARIM N B, and
CARNICELLI S. Source identification and ecological risk
assessment of heavy metal pollution in sediments of Setiu
wetland, Malaysia. Environmental Forensics, 2021: 1-14.
https://doi.org/10.1080/15275922.2021.1892871.

[28] TONGGIROH A, PACHRI H, and IRFAN U R.
Evaluation of environmental geochemistry of trace metal
pollutant in sediments of outlet Jeneberang River, Indonesia.
Asian Journal of Environment & Ecology, 2022, 17(4): 9-14.
https://doi.org/10.9734/AJEE/2022/V171430297.

[29] WIJAYA T. Multivariate Analysis: Data Processing
Techniques for Undergraduate Theses, Theses, and
Dissertations Using SPSS (in Indonesian). Penerbit UAJY,
Yogyakarta. 2010.

BE:

[1] AKBOR AA, RAHMAN MM, BODRUD-DOZA M
F. M EHREHEHMAKARIPNERIEE: £
AR AE. BRI SKATE, 2020, 193: 284-301.
https://doi.org/10.5004/dwt.2020.25805 .

[2] ANISYA AU, JOKO T #1 NURJAZULIl, ==Z 4
BB ERMERESKPHEEREBSEEENR
xR (BMERAL) . AHDERE,
843-851. https://doi.org/10.14710/jkm.v4i4.14376

[3] APHA (XEAHETIEWMS) . KIEKEEIES
%, 8220, Ak (EED , KIMEEKES. 2012,

[4] ASPIN A #1 NAFSI N. ﬁ‘ﬁ?ﬁ#ﬁifi‘t (RFIH3:

SEZHAL=EZX) (ERALIE) . BA: BX
B W OF AR OHE T, 2021, 8(1): 39-52.

https://doi.org/10.24252/nature.v8ilad

[5] ASLAM S, CHAN MW H. SIDDIQUI G &. BE&H;
iﬂﬁﬂ%i%‘u’*#ﬁ}‘l_ AN EER N IESITENIR
BiEg. BESE AR, 2020, 153: 110970 .
https://doi.org/10.1016/j.marpolbul.2020.110970.

2016, 4(4):

[6] CCME (IMERAMENKEESR) . MERKEEY
RIPIAYREIERS: LR, MEAXMBEREER.
MEXMERKEES, REME. 1999

[7] SMEME S, X TFBEKRRANIERHE
115/2003 5% . ERFESS, ML, 2003.

[8] H\iﬁﬁ‘[&%ﬁlﬂto 28 51/2004 SEL K REIRE:
AOKIE. SEFRDE. EIFEY. BEXRMED, #ME
2003.

[9] /E'.u:l, \IL., élu, ':—FF i’t}IDﬁiEfR?MZF\ IR
MIEEES BTN BFTRLAMR 2020, 151, 110864:
1-9. https://doi.org/10.1016/j.marpolbul.2019.110864 .

[10] GHOZALI 1. IBM SPSS 25 Z LMY, 58 9hR
(ENERAEILIE) . #KETTREHMIE, =ZFZ.
2018.

[11] GOKKUS K. #1 BERBER S. = H 235§ Inebolu #1E

RIBENESRITH. NEMBCEFRFERE, 2019,
48(10): 1600-1608.

http://nopr.niscpr.res.in/handle/123456789/51152,
[12] LUBIS R R\ KARINA S #1 ULFAH M. ¥TiAT 555

FMEBBIRIPESE P S (ENERAEALIE) .

SRZNZE EF A RET, 2019, 4(2): 9-14.
http://jim.unsyiah.ac.id/fkp/article/view/13422

[13] MUELLER G. SERpAUAR M REIEH . HIBRE,
1969, 2: 108-118.

[14] NATADISASTRA G G. HASAN Z. SRIATI #A LILI
W. $RE($E) X REARAT O BEER SRR FERELEL
R EES (EPERALIE) . Bl EFERT,
2018, (IX), 2: 41-48. https://doi.org/10.1088/1755-
1315/383/1/012033

[15] NATSIR NA. HANIKE Y. RIJAL M 1 BACHTIAR
S. EENAKIERIK, SRR R AR E PR (FR) AR
CEeBNEERESE ERALE) . £¥URFESEH
| O xF 2019, 8(2): 149-159.
http://dx.doi.org/10.33477/bs.v8i2.1144

[16] NATSIR NA. HANIKE Y #1 AF AN A Sifih &
S RIBALENMARBRREES E$hA R IUKEE FERE

xR (BMERALIE) . JmEE: RTEYFERE,
2021, 5(1): 41-49.

http://repository.iainambon.ac.id/id/eprint/1442
[17] NEMEROW N L %1 SUMITOMO H. 7K R & 8854k
RERS . 16110 kR AXEEZIMERIFE, 1970.
[18] NURHAMIDDIN F 1 IBRAHIM M H. }tB&H&E=
B & &8 F MR PR ER) FRGE) E€ RIS RMAR
(ENERALIE) . T HRREHE, 2018, 11(1): 41-55.
http://jurnal.ummu.ac.id/index.php/dintek/article/view/139/9
2

[19] OLIVEIRATS. XAVIER D DE A, SANTOSLD &
A ZHEOTZEE AR MAAT IO RE AR KL E
ERIEMR. BFESEOM, 2020, 161 (—NED)
111794 1-8 o
https://doi.org/10. 1016/] marpolbul.2020.111794,

[20] PERMATA M A D. PURWIYANTO A | S #1
DIANSYAH. & mE S T XKEFAIRIFES
B R Fgh (58) BURE. AWHEFREZAE, 2018,
1(2): 7-14.
https://doi.org/10.33019/jour.trop.mar.sci.v1il.667 .

[21] PRIYATNO D. SPSS Fif: %it RHIRIEIE 74,
HiELIEBEMEE NERALE) . Bk, HE, 2016.


https://doi.org/10.1080/15275922.2021.1892871
http://jurnal.ummu.ac.id/index.php/dintek/article/view/139/92
http://jurnal.ummu.ac.id/index.php/dintek/article/view/139/92

Wibisono et al. Factors Affecting Water Quality and Surface Sediment at the Port of Tanjung Emas Semarang during the East Asian Monsoon,
Vol. 49 No. 10 October 2022
231

[22] A%ER. BEMXEME 7/2016 SERKREIRE .
HEMHA, 2016,
[23] SEDARMAYANTI #1 HIDAYAT S. #ii755% (ENE

EALE) . HiEEhEEEEA, A, 2011
[24] SEMBEL L. MANANGKALANGI E. MARDIYADI
Z 1 MANUMPIL AW. BigEREHXZEREENKR
(ENERALIE) . HETIFERN, 2019, 4(1): 52-64.
https://doi.org/10.31186/jenggano.4.1.52-64

[25] SUBARKAH M. SRIKANDI E D. ADAMI A #1
SUMARLIN. BiAE&FE8KIEE (58) M (53D
BB CEIERALIE) . BEFELERS
ix B o XK o, 2021 , 1(1) : 2731 .
https://doi.org/10.51454/teluk.v1i1.123

[26] SYAIFULLAH M. CANDRA Y A. SOEGIANTO A
1 IRAWAN B. [E¥&E f 5= = FRKBIRFRF HYIE
VEERBEE B, XEMR) MLELRE (F. M
), AN, =HIELE, 2018 11(1): 69-74.
https://doi.org/10.21107/jk.v11i1.4497

[27] TALUKDER R. RABBI M H. BAHARIM NB #i
CARNICELLI S. kAT & KBTI EELREITE
BYSRIREIR B A SRS IS . FRERGE, 2021: 1-14.
https://doi.org/10.1080/15275922.2021.1892871.

[28] TONGGIROH A, PACHRI H %1 IRFAN U R. ENE 2
ATEERNE TR PIRE S B SRR E K
HEFMN . EMNFIESES SR, 2022, 17(4): 9-14.
https://doi.org/10.9734/AJEE/2022/\V/171430297 .

[29] WUAYA T. 2T E5H7: £ SPSS BIARAE IR,
WNHZMIE BB LEREAR MERALIE) . M
AL LEM, HE. 2010.




